The clinical and morphologic features of hypertrophic cardiomyopathy in 20 patients recognized as having cardiac disease in the first year of life are described. Fourteen of these 20 infants were initially suspected of having heart disease solely because a heart murmur was identified. However, the infants showed a variety of clinical findings, including signs of marked congestive heart failure (in the presence of nondilated ventricular cavities and normal or increased left ventricular contractility) and substantial cardiac enlargement on chest radiograph. Other findings were markedly different from those usually present in older children and adults with hypertrophic cardiomyopathy (e.g., right ventricular hypertrophy on the ECG and cyanosis). Consequently, in 14 infants, the initial clinical diagnosis was congenital cardiac malformation other than hypertrophic cardiomyopathy.
SUMMARY The clinical and morphologic features of hypertrophic cardiomyopathy in 20 patients recognized as having cardiac disease in the first year of life are described. Fourteen of these 20 infants were initially suspected of having heart disease solely because a heart murmur was identified. However, the infants showed a variety of clinical findings, including signs of marked congestive heart failure (in the presence of nondilated ventricular cavities and normal or increased left ventricular contractility) and substantial cardiac enlargement on chest radiograph. Other findings were markedly different from those usually present in older children and adults with hypertrophic cardiomyopathy (e.g., right ventricular hypertrophy on the ECG and cyanosis). Consequently, in 14 infants, the initial clinical diagnosis was congenital cardiac malformation other than hypertrophic cardiomyopathy.
Twelve of the 14 infants who underwent left-heart catheterization showed substantial obstruction to left ventricular outflow (peak systolic pressure gradient 35 mm Hg). However, unlike older patients with hypertrophic cardiomyopathy, infants with this condition commonly had marked obstruction to right ventricular outflow (35-106 mm Hg) (nine patients); in six patients, the magnitude of obstruction to right ventricular outflow was at least as great as that to left ventricular outflow.
Asymmetric hypertrophy of the ventricular septum relative to the left ventricular free wall was present in the 16 patients who had echocardiographic or necropsy examination. Ventricular septal thickening was substantial in patients studied both before and after 6 months of age (mean 16 mm), indicating that in patients with hypertrophic cardiomyopathy, marked left ventricular hypertrophy may be present early in life and is probably congenital.
The clinical course was variable in these patients, but the onset of marked congestive heart failure in the first year of life appeared to be an unfavorable prognostic sign; nine of the 11 infants with congestive heart failure died within the first year of life. In infants with hypertrophic cardiomyopathy, unlike older children and adults with this condition, sudden death was less common (two patients) than death due to progressive congestive heart failure.
HYPERTROPHIC CARDIOMYOPATHY is a primary disease of cardiac muscle that usually is not recognized clinically until adulthood.'-3 Therefore, most of the clinical and pathologic information regarding this disease is from older children and adults. 4 11 Hypertrophic cardiomyopathy does occur in infants, but only single cases or relatively small groups of patients have been reported.7' 12-15 Hence, we assembled the clinical, hemodynamic and morphologic features of a large series of patients with hypertrophic cardiomyopathy in whom cardiac disease was identified in the first year of life.
Patients and Methods
The study includes 20 infants with hypertrophic cardiomyopathy evaluated at five institutions: eight patients from the National Heart, Lung, and Blood Institute, five from the Mayo Clinic, three from Vanderbilt University Hospital, three from the University of Utah Primary Children's Medical Center, and one patient from the University of Florida Shands Teaching Hospital and Clinics. Each patient met the following criteria: clinical identification of heart disease in the first year of life; echocardiographic, angiocardiographic or necropsy demonstration of a markedly hypertrophied but nondilated left ventricle in the absence of another cardiac or systemic disease capable of producing left ventricular hypertrophy;'6 and absence of maternal diabetes requiring insulin (to avoid confusion with the transient, nonfamilial form of hypertrophic cardiomyopathy that occurs in infants of diabetic mothers17 18).
M-mode Echocardiography
M-mode echocardiography was performed using a 2.25-MHz, 1.25-cm-diameter unfocused Aerotech transducer and a Hoffrel 201 ultrasound receiver interfaced with a Honeywell 1856 strip-chart recorder. The methods of imaging the ventricular septum and posterior left ventricular free wall have been described.'9 Left ventricular internal dimensions at enddiastole and end-systole and aortic root and left atrial dimensions were measured echocardiographically in accord with published methods and criteria.20 21 Necropsy Analyses Ventricular wall thicknesses were measured in the ventricular septum at the point of maximal thickness, usually halfway between the aortic valve and the apex of left ventricle, and in the left ventricular free wall behind the midpoint of the posterior mitral leaflet at a level corresponding to the tips of the mitral leaflets. Trabeculae, papillary muscles and the crista supraventricularis were not included in the measurements of ventricular wall thicknesses. The extent of cardiac muscle cell disorganization in tissue sections of ventricular septum was assessed quantitatively.22 23
Results

Clinical Identification
Each of the 20 infants was a product of a term pregnancy; gestation was complicated by hydramnios in three. Birth weights ranged from 2.4-4.6 kg. Nineteen patients had no significant medical problems during the neonatal period; one patient had seizures associated with hypocalcemia and hypoglycemia of unknown cause. Eleven infants were male and nine were female. Heart disease was identified in each infant during the first year of life (from I day to 10 months of age; mean 3 months). In 14 patients, the initial suspicion of heart disease arose solely because a systolic murmur was detected; the murmurs were usually judged to be ejection murmurs, were grade 2-4/6 and were heard loudest at the fourth left intercostal space or apex. Heart disease was initially identified because of the onset of congestive heart failure in three patients, bradycardia in one patient, and central cyanosis at rest or with crying associated with arterial oxygen desaturation in two patients.
In six infants, hypertrophic cardiomyopathy was correctly diagnosed during the initial clinical evaluation. In the other 14 aortic valve stenosis in one patient, left ventricular tumor in one, myocarditis in one, and congenital complete atrioventricular block in one. In seven of these 14 patients hypertrophic cardiomyopathy was correctly diagnosed at ages 10 days to 3 years (median 9 months).
An associated congenital noncardiac anomaly was also identified in four patients: lentiginosis with deafness,24 Noonan syndrome,25 tuberous sclerosis with pyloric stenosis and Pierre-Robin syndrome. Clinical and necropsy data for the 20 patients are summarized in table 1.
Electrocardiograms
The ECGs were abnormal in each infant. A wide variety of abnormalities was identified ( fig. 1 ), but no ECG pattern was characteristic of the overall study group (table 1) . Right ventricular hypertrophy, present in 11 patients, was the most common abnormality. Seven patients had left ventricular hypertrophy and five had diffuse ST-segment and T-wave abnormalities. Four patients had abnormal Q or QS waves. The ECG pattern showed no consistent relation to the hemodynamic state, although five of six patients with left ventricular hypertrophy on the ECG had marked and predominant obstruction to left ventricular outflow.
Chest Radiographic Findings
Heart size on the chest radiograph was larger than normal (cardiothoracic ratio > 0.55) in 19 of the 20 infants, including six of the seven who were asymptomatic. Cardiothoracic ratios ranged from 0.50-0.76 (mean 0.65). Of the eight infants in whom serial radiographs were obtained over a period of 10 months to 6.5 years, heart size was significantly decreased in three, increased in one and unchanged in four.
Hemodynamic, Angiographic and Functional Findings
Cardiac catheterization was performed in 16 infants, 2 weeks to 3.5 years of age. Of the 14 patients who underwent left-heart catheterization, 12 had a left ventricular outflow tract pressure gradient at rest (range 35-120 mm Hg; average 75 mm Hg) ( fig. 2 , table 1 ). The two other patients had no left ventricular outflow gradient. One other patient (no. 14), who did not undergo cardiac catheterization, was judged to have no left ventricular outflow tract obstruction based on the absence of systolic anterior motion of the anterior mitral leaflet on the echocardiogram.6 Twelve patients had right ventricular outflow tract pressure gradients of 10 mm Hg or greater (range 10-106 mm Hg; average 46 mm Hg). In nine of these infants, the right ventricular outflow peak systolic gradient was substantial (35-106 mm Hg). In six infants, the magnitude of obstruction to right ventricular outflow equaled or exceeded that to left ventricular outflow (including patient 1, who had right ventricular outflow tract obstruction only). Left ventricular end-diastolic pressure was elevated in seven infants (range 12-25 mm Hg) and was normal in Left ventricular angiocardiograms were obtained in 13 infants and were abnormal in each ( fig. 3 ). The angiocardiograms showed a variety of configurations in diastole, although no left ventricular appearance was particularly characteristic of the patient group. Mitral regurgitation was judged to be moderate or severe in three infants, mild in two, and absent in eight. In the eight patients who underwent right ventricular angiocardiography, right ventricular outflow tract narrowing was present during systole, and obstruction to right ventricular outflow was shown hemodynamically.
Each of the 16 patients studied by angiography or echocardiography showed evidence of normal or increased left ventricular contractility (ejection fraction 0.60-0.92 by angiography or 0.75-0.90 by echocardiography) (figs. 3C and 3E), including nine who had overt signs of congestive heart failure. However, no patient had evidence of left ventricular dilatation; the left ventricular cavity was assessed to be normal or small by angiography or at necropsy in 11 infants and left ventricular internal diastolic dimension by echocardiography was normal or decreased (15-33 mm) 9 ILeft or right ventricular hypertrophy with "strain" pattern (i.e., with associated ST-segment and T-wave abnormalities). §Postoperative left ventricular outflow tract gradient recorded in the operating room was zero. ¶Left and right ventricular outflow tract gradients recorded at cardiac catheterization 5 weeks after operation were each 20 mm Hg. **The infant's father died suddenly at age 30 years, presumably of hypertrophic cardiomyopathy.
tGrading system for magnitude of systolic anterior motion of the anterior mitral leaflet (SAM): from 1+ (slight anterior motion) to 4+ (prolonged contact between anterior mitral leaflet and ventricular septal endocardium, consistent with the presence of marked obstruction to left ventricular outflow26). TIPerformed through aortotomy at age 21 months (body weight 10.5 kg). § §Performed through left and right ventriculotomies, at age 16 months (body weight 8.1 kg). ¶ ¶Treated with digitalis briefly, before the diagnosis of hypertrophic cardiomyopathy was made; each patient showed clinical deterioration or lack of improvement while taking digitalis. Abbreviations: AS = aortic stenosis; ASD = atrial septal defect; CAVB = complete atrioventricular block; CHD = congenital heart disease; CHF = congestive heart failure; EDP = end-diastolic pressure; EFejection fraction; TGV = transposition of the great vessels; HCM = hypertrophic cardiomyopathy; LV = left ventricular; LVIDd =left ventricular internal dimension at end-diastole; LVOT = left ventricular outflow tract; LVH = left ventricular hypertrophy; M-M = ventricular septal myotomy and myectomy; MR = mitral regurgitation; MS = mitral stenosis; PS = pulmonary stenosis; PW -posterior left ventricular free wall; RV = right ventricular; RVH right ventricular hypertrophy; SAM = systolic anterior motion of the anterior mitral leaflet; VS = ventricular septum; VS/PW = ventricular septal-to-posterior left ventricular free wall thickness ratio.
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CI RCU LATION (septal-to-free wall thickness ratio 1.3) was identified in all 16 patients studied by echocardiography or at necropsy (figs. 4 and 5, table 1). The septal-free wall ratio was 1.5 or greater in 13 of these 16 infants ( fig. 6 ). Each of the 16 infants also had a marked increase in absolute ventricular septal thickness. The mean septal thickness was 16 mm (range 8-30 mm) and clearly exceeded the upper limit of normal relative to body surface area, based on normal diastolic or systolic echocardiographic values,20 in each infant ( fig.   7 ). There was no direct relation between septal thickness and body surface area. In seven infants who underwent echocardiographic or necropsy examination before 6 months of age, the mean ventricular septal thickness was also 16 mm. However, in the six patients with serial echocardiographic measurements (only one of whom showed clinical deterioration), neither ventricular septal thickness nor septal-free wall thickness ratio changed substantially with age during a follow-up of 9 months to 3 years ( fig. 8 ).
Left atrial dimension measured echocardiographically was mildly increased relative to body surface area in two patients (27 mm and 28 mm) and was normal in seven. Five patients had marked systolic anterior motion of the anterior mitral leaflet ( fig. 4 ), each of whom had left ventricular outflow gradients of 55-100 mm Hg at catheterization. Systolic anterior motion was absent or mild in four other patients.
The extent of cardiac muscle cell disorganization in the ventricular septum was assessed quantitatively at necropsy in eight infants. Seven of these patients (five younger than 6 months of age) had marked septal disorganization that occupied more than 5% of the tissue section, consistent with the histologic diagnosis of hypertrophic cardiomyopathy;22. 23 in the remaining patient, 3% of the section was involved (table 1).
Clinical Course and Treatment Survivors
Ten patients survived during the observation period (mean follow-up of 5.5 years) ( fig. 9, table 1 ). Seven of these 10 patients were asymptomatic when their heart disease was identified and have remained virtually asymptomatic throughout the period of follow-up (mean 3.5 years), although one, patient 10, had a single episode of syncope. Five of the seven asymptomatic patients received propranolol (3 mg/kg/day in each) and one underwent combined ventricular septal myotomy-myectomy28 and resection of right ventricular outflow tract muscle, which resulted in substantial reduction of left and right ventricular outflow obstruction. Three other patients (nos. 7, 8 and 9) were symptomatic at the initial evaluation but improved substantially during the follow-up period, including two who had shown evidence of congestive heart failure; two of these three improved infants became asymptomatic. This improvement was evident after septal myotomy-myectomy in one (patient 7) and after treatment with propranolol (3 and 6 mg/kg/day) in the other two (patients 8 and 9). Nonsurvivors Ten patients died during the observation period, including one who died of noncardiac disease (enterocolitis with paralytic ileus) ( fig. 9, table 1 ). The nine patients who died of heart disease had the onset of symptoms and died during the first year of life (age range 1-11 months; median 2 months). Five of these nine patients died of progressive congestive heart hypertrophic cardiomyopathy could not be deter-;AtikZ, 4Z mined definitively in these families.
Discussion
The clinical features and course of infants with hypertrophic cardiomyopathy may be quite variable.
For example, although these infants were usually first suspected of having heart disease on the basis of a murmur, they also presented with signs of marked congestive heart failure, or even cyanosis (probably r * 1 * s *z6* X due to right-to-left shunting through a patent foramen 4?%& ; ovale in the presence of right ventricular systolic hypertension). Hence, hypertrophic cardiomyopathy in infants may mimic other congenital heart diseases, hA' / P W E t and its clinical presentation often differs from that n =>usually observed in children and adults with hypertrophic cardiomyopathy.' 3, 10, 11 Indeed, in most of our patients, cardiac diseases other than hypertrophic cardiomyopathy were initially considered (most com- systolic gradient at rest). The 
ventricular septum (VS) is
Unlike older children and adults with hypertrophic thickened (12 mm) disproportionately with respect to the cardiomyopathy,'-3 10, 11, 31 about one-fourth of our posterior left ventricular free wall (PW) and there is substantial systolic anterior motion of the anterior mitral leaflet (arrow). The calibration dots are 10 mm apart. failure, for which they had received digitalis; two other patients with severe heart failure died shortly after operation (resection of right ventricular outflow tract muscle). The remaining two patients (nos. 1 and 14) died suddenly, although each had evidence of congestive heart failure. Patient 1 i was under treatment with digitalis for marked heart failure and died unexpectedly at 1 month of age; patient 14, who had relatively mild manifestations of congestive heart failure, died suddenly at 2 months of age despite propranolol therapy (5 mg/kg/day).
The patients who survived and those who died of .e.t.i...a. heart disease did not differ substantially with regard to ventricular septal thickness, outflow tract gradient, end-diastolic pressure, or ECG pattern. For the overall study group, the follow-up period ranged from the 3 days to 11.5 years (mean 3.3 years).
MEvi Family Studies
Genetic transmission of hypertrophic cardiomyopathy' , 82930was documented in the families of six infants (table 1). In five of these six families, echocardiographic studies29 demonstrated genetic transmission of asymmetric septal hypertrophy in one firstdegree relative of the index case. In the sixth family, the father of the infant died suddenly and unex-FIGURE-5. Heart of a 1-month old boy with hypertrophic pectedly at age 30 years; an autopsy was not per-cardiomyopathy. The obstructive form of hypertrophic cardiomyopathy (the most common hemodynamic variety of this disease in adults29) would be less likely to be identified in infancy because no murmur or only a soft murmur would be present.
Nevertheless, the onset of marked congestive heart failure during the first year of life appeared to be a poor prognostic sign; nine of the 11 patients with this clinical course died, either suddenly, of heart failure or after operation, before 1 year of age. Digitalis was administered to seven of the nine infants who died, including three with obstruction to ventricular outflow, and was ineffective in treating their marked congestive heart failure. The clinical profile of heart failure in these patients occurred in the presence of a nondilated heart with normal or increased systolic function. Hence, administration of digitalis would seem inappropriate, particularly if obstruction to ventricular outflow is present, and we do not recommend its use in such patients.
The two infants in this study group who had heart failure and survived had received propranolol. Although A blockers such as propranolol theoretically reduce left ventricular outflow obstruction, their negative inotropic effect on ventricular contractility may compromise their therapeutic value in infants with hypertrophic cardiomyopathy and heart failure. Thus, the safest course for infants with hypertrophic cardiomyopathy and severe congestive heart failure may be to administer diuretic agents alone. If this approach is ineffective, cautious use of a d-blocking agent might be warranted.
Infants with hypertrophic cardiomyopathy probably suffer importantly from impairment to ventricular filling.32 Calcium-channel blockers such as verapamil improve diastolic filling32 and functional capacity33 in adults with hypertrophic cardiomyopathy. Therefore, verapamil may be beneficial for treating infants with hypertrophic cardiomyopathy. However, calcium-channel blockers have recognized side effects34 and should be administered judiciously in such infants. irked obstruction to right ventricular outflow un-common in infants and young children with hyperasal conditions was common in our infants with trophic cardiomyopathy," 1 7, 12, 15 but appears to be rtrophic cardiomyopathy. What causes subuncommon in patients who reach adulthood', can be onic obstruction in patients with hypertrophic explained in two ways. First, the right ventricular outomyopathy is not definitively known; it may be flow obstruction present in some infants may resolve iced by the marked bulging of the hypertrophied spontaneously with growth and aging, as a result of icular septum35 into the relatively small right ven-conformational changes in cardiac structure that inar outflow tract. Systolic anterior motion of the crease the size of the right ventricular outflow tract. ior tricuspid valve leaflet could be another Second, the combined subaortic and subpulmonic anism by which right ventricular outflow tract obstruction may represent a particularly lethal hemouction occurs in such patients. 36 dynamic alteration in infants with hypertrophic care fact that subpulmonic obstruction is relatively diomyopathy, predisposing them to premature death, which accounts for the rarity of marked obstruction to right ventricular outflow in adult patients with this disease. Substantial evidence indicates that hypertrophic cardiomyopathy in children and adults is often genetically transmitted.1' 6, 8, 29, 30, 37 Echocardiographic or historical evidence for genetic transmission of hypertrophic cardiomyopathy was found in only six of our 20 infants (30%); the rest either had no evidence for genetic transmission or insufficient data were available to make this assessment. Therefore, although our and nongenetic forms of this disease probably occur in infants.
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The cardiac structural alterations characteristic of patients with hypertrophic cardiomyopathy can be evident quite early in life and are probably present at 0 _ / birth. Each of the seven patients studied by echocardiography or at necropsy before 6 months of age had substantial ventricular septal hypertrophy. Four with an average of 21 mm or 26 mm for populations of adult patients with hypertrophic cardiomyopathy studied by echocardiography37 or at necropsy,22 respectively) suggests that further thickening of the septum occurs with aging and growth. In addition, five of six patients studied at necropsy before 6 months of age showed marked disorganization of ventricular septal architecture, similar in appearance and extent to that present in older children and adults with hypertrophic cardiomyopathy.4' 10, 22, 23 A septal-free wall thickness ratio . 1.3 has been shown at necropsy38 and by echocardiography39 to be relatively common in normal neonates and infants with congenital heart malformations other than hypertrophic cardiomyopathy. However, the asymmetry in ventricular wall thicknesses that occurs in such infants should not be confused with the asymmetric left ventricular hypertrophy present in our infants with hypertrophic cardiomyopathy. Infants with "true" hypertrophic cardiomyopathy can be distinguished from other infants with abnormal septal-free wall ratios by three criteria: absence of an associated cardiac lesion capable of producing disproportionate thickening of the ventricular septum;21, 38 presence of marked absolute ventricular septal thickening; and no substantial decrease in the septal-free wall thickness ratio with increasing age and the persistence of an abnormal septal-free wall ratio (i.e., . 1.3) after 2 years of age. VERAPAMIL, a derivative of papaverine, blocks slow inward calcium currents in the myocardial conducting system and in smooth muscle cells of systemic and coronary arteries.1 Several studies have shown that verapamil effectively relieves exercise-induced angina if adequate doses are used.2 The present study was designed to assess the efficacy of verapamil in treating exercise-induced angina and to evaluate improvement and side effects associated with daily doses of 240, 360 and 480 mg.
Methods and Materials
Thirty male patients with effort-related, stable angina pectoris began the study. The mean age was 57 years (range 45-68 years). The average number of effort-related anginal episodes per week was 7.4 ± 3.8 (SD) by history. Five patients also had occasional pain at rest that recurred without changing significantly in frequency or severity. Seven patients had had angina for less than 1 year, 10 for 1-5 years, and 13 for more than 5 years. Each patient also had at least one of the following: a documented old myocardial infarction (25 patients), coronary artery disease demonstrated by coronary angiography (10 patients), or exerciseinduced ST-segment depression of 1.0 mm or greater during the exercise tolerance test given at entry into the study (24 patients). Six patients had residual or recurrent angina after coronary artery bypass grafting. Nine patients received concurrent antihypertensive therapy consisting of diuretics either alone (four patients) or with alpha-methyl dopa (two patients) or prazosin (three patients). None of the patients received digitalis, f3-adrenergic blockers, or long-acting nitrates during the study.
After informed consent was obtained, each patient was evaluated with a complete medical history and physical examination, resting ECG, chest x-ray, complete blood count, urinalysis and blood chemistries.
Each patient performed a graded exercise stress test on a stationary bicycle with 25-W increases in work load every 3 minutes until 'angina pectoris occurred. Each patient was given sublingual nitroglycerin for anginal attacks outside of the hospital and a diary in which to record the number of attacks and the number
